(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date (10) International Publication Number 

1 August 2002 (01.08.2002) PCT WO 02/059452 Al 



(51) International Patent Classification 7 : E21B 33/00 

(21) International Application Number: PCT/GB02/00362 

(22) International Filing Date: 28 January 2002 (28.01.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

0102023.9 
0102526.1 



26 January 2001 (26.01.2001) GB 
1 February 2001 (01.02.2001) GB 



(71) Applicant (for all designated States except US): e2 TECH 
LIMITED [GB/NL]; Shell International B.V., P.O. Box 
384, NL-2501 CJ The Hague (NL). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): THOMSON, Neil 
[GB/GB]; 84 Cornhill Road, Aberdeen AB25 2EH (GB). 

(74) Agent: MURGITRO YD & COMPANY; 165-169 Scot- 
land Street, Glasgow G5 8PL (GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

[Continued on next page] 



(54) Title: DEVICE AND METHOD TO SEAL BOREHOLES 




IT) 
TT 

OS 

— «. (57) Abstract: Apparatus and methods are described that are particularly suited for creating a seal in a borehole annulus. In one 
2 embodiment, an outer surface 10s of an expandable conduit (10) is provided with a formation (20) that includes an elastomeric 
material (e.g. a rubber) that can expand and/or swell when the material comes into contact with an actuating agent (e.g. water, brine, 
Q drilling fluid etc.). The expandable conduit ( 10) is located inside a second conduit (e.g. a pre-installed casing, liner or open borehole) 
^ and radially expanded. The actuating agent can be naturally occurring in the borehole or can be injected or pumped therein to expand 
^ or swell the elastomeric material to create the seal. 
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DEVICE AND METHOD TO SEAL BOREHOLES 



1 

2 

3 The present invention relates to apparatus and 

4 methods for sealing an annulus in a borehole. The 

5 present invention can also be used to seal and lock 

6 expandable tubular members within cased, lined, and 

7 in particular, open-hole boreholes. 
8 

9 It is known to use expandable tubular members, e.g. 

10 liners, casing and the like, that are located in a 

11 borehole and radially expanded in situ by applying a 

12 radial expansion force using a mechanical expander 

13 device or an inflatable element, such as a packer. 

14 Once the expandable member has been expanded into 

15 place, the member may not contact the conduit (e.g. 

16 liner, casing, formation) in which it is located 

17 along the entire length of the member, and a seal is 

18 generally required against the liner, casing or 

19 formation to prevent fluid flow in an annulus created 

20 between the expandable member and the liner, casing 

21 or formation, and also to hold differential pressure. 

22 The seal also helps to prevent movement of the 
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1 expandable member that may be caused by, for example, 

2 expansion or contraction of the member or other 

3 tubular members within the borehole, and/ or 

4 accidental impacts or shocks. 
5 

6 When running and expanding in open-hole applications 

7 or within damaged or washed-out casing, liner etc, 

8 the diameter of the borehole or the casing, liner etc 

9 may not be precisely known as it may vary over the 

10 length of the borehole because of variations in the 

11 different materials in the formation, or variations 

12 in 'the internal diameter of the downhole tubulars . 

13 In certain downhole formations such as washed-out 

14 sandstone, the size of the drilled borehole can vary 

15 to a large extent along the length or depth thereof. 
16 

17 According to a first aspect of the present invention, 

18 there is provided a seal for use in a borehole, the 

19 seal comprising an elastomeric material that is 

20 capable of expanding upon contact with an actuating 

21 agent. 
22 

23 According to a second aspect of the present 

24 invention, there is provided a method of creating a 

25 seal in a borehole, the method comprising the steps 

26 of providing an elastomeric material in the borehole 

27 and exposing the material to an actuating agent that 

28 causes the elastomeric material to expand. 
29 

30 The seal is preferably expanded in an annulus to seal 

31 the annulus or a portion thereof. 
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3 

1 

2 The elastomeric material is typically a rubber. The 

3 elastomeric material can be NITRILE™, VITON™, AFLAS™, 

4 Ethylene -propylene rubbers (EPM or EPDM) or KALREZ™, 

5 although other suitable materials may also be used. 

6 Any elastomeric material may be used. The choice of 

7 elastomeric material will largely depend upon the 

8 particular application and the actuating agent. 

9 Also, the fluids that are present downhole will also 

10 determine which elastomeric material or actuating 

11 agent can be used. 
12 

13 The actuating agent typically comprises a water- or 

14 mineral-based oil or water. Production and/or 

15 drilling fluids (e.g. brine, drilling mud or .the 

16 like) may also be used. Hydraulic oil may be used as 

17 the actuating agent. Any fluid that reacts with a 

18 particular elastomeric material may be used as the 

19 actuating agent. The choice of actuating agent will 

20 depend upon the particular application, the 

21 elastomeric material and the fluids that are present 

22 downhole. 
23 

24 The actuating agent may be naturally occurring 

25 downhole, or can be injected or pumped into the 

26 borehole. Alternatively, a container (e.g. a bag) of 

27 the actuating agent can be located at or near the 

28 elastomeric material where the container bursts upon 

29 radial expansion of the conduit. Thus, the actuating 
3 0 agent comes into contact with the elastomeric 

31 material causing it to expand and/or swell. 
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The elastomeric material is typically applied to an 
outer surface of a conduit. The conduit can be any 
downhole tubular, such as drill pipe, liner, casing 
or the like. The conduit is preferably capable of 
being radially expanded, and is thus typically of a 
7 ductile material. 
8 

9 The conduit can be a discrete length or can be in the 

10 form of a string where two or more conduits are 

11 coupled together (e.g. by welding, screw threads 

12 etc) . The elastomeric material can be. applied at two 

13 or more axially spaced- apart locations on the 

14 conduit. The elastomeric material is typically 

15 applied at a plurality of axially spaced- apart 

16 locations on the conduit. 
17 

18 The conduit is typically radially expanded. The 

19 conduit is typically located in a second conduit 
before being radially expanded. The second conduit 
can be a borehole, casing, liner or other downhole 

22 tubular. 
23 

The elastomeric material can be at least partially 
covered or encased in a non-swelling and/or non- 
26 expanding elastomeric material. The non-swelling 

27 and/or non-expanding elastomeric material can be an 

28 elastomer that swells in a particular fluid that is 

29 not added or injected into the borehole, or is not 

30 naturally occurring in the borehole. Alternatively, 

31 the non-swelling and/or non-expanding elastomeric 



20 
21 



24 
25 
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1 material can be an elastomer that swells to a lesser 

2 extent in the naturally occurring, added or injected 

3 fluid. 
4 

5 As a further alternative, a non- swelling polymer 

6 (e.g. a plastic) may be used in place of the non- 

7 swelling and/or non-expanding elastomeric material. 

8 The non- swelling polymer can be TEFLON™, RYTON™ or 

9 PEEK™ . 
10 

11 The elastomeric material may be in the form of a 

12 formation. The formation can comprise one or more 

13 bands of the * elastomeric material, the bands 

14 typically being annular. Alternatively, the 

15 formation may comprise two outer bands of a non- 
16 swelling and/or non-expanding elastomeric material 

17 (or other rubber or plastic) with a band of swelling 

18 elastomeric material therebetween. A further 

19 alternative formation comprises one or more bands of 

20 elastomeric material that are more or less covered or 

21 encased in a non- swelling and/or non-expanding 

22 elastomeric (or other) material. At least a portion 

23 of the elastomeric material is typically not covered 

24 by the non-swelling and/or non-expanding material. 

25 The uncovered portion of the elastomeric material 

2 6 typically facilitates contact between the material 

27 and the actuating agent. Other formations may also 

28 be used. 
29 

3 0 The elastomeric material typically swells upon 

31 contact with the actuating fluid due to absorption of 
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the fluid by the material. Alternatively, or 
additionally, the elastomeric material can expand 
through chemical attack resulting in a breakdown of 
4 cross -linked bonds. 
5 

The elastomeric material typically expands and/or 
swells by around 5% to 200%, although values outwith 
this range are also possible. The expansion and/or 
swelling of the elastomeric material can typically be 
controlled. For example, restricting the amount of 
actuating agent can control the amount of expansion 



6 
7 
8 
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10 
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12 and/or swelling. Also, reducing the amount of 

13 elastomeric material that is exposed to the actuating 



14 
15 



agent (e.g. by covering or encasing more or less of 
the material in a non-swelling material) can control 

16 the amount of expansion and/or swelling. Other 

17 factors such as temperature and pressure can also 

18 affect the amount of expansion and/or swelling, as 
can the surface area of the elastomeric material that 
is exposed to the actuating agent. 



19 
20 
21 



22 optionally, the expansion and/or swelling of the 

23 elastomeric material can be delayed for a period of 

24 time. This allows the conduit to be located in the 

25 second conduit and radially expanded before the 

26 elastomeric material expands and/or swells. Chemical 

27 additives can be combined with the base formulation 

28 of the swelling elastomeric material to delay the 

29 swelling for a period of time. The period of time 

30 can be anything from a few hours to a few days . The 

31 particular chemical- additive that is used typically 
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1 depends upon the structure of the base polymer in the 

2 elastomeric material. Pigments such as carbon black, 

3 glue, magnesium carbonate, zinc oxide, litharge and 

4 sulphur are known to have a slowing or delaying 

5 influence on the rate of swelling. 
6 

7 As an alternative to this, a water- or other alkali- 

8 soluble material can be, used, where the soluble 

9 material is at least partially dissolved upon contact 
10 with a fluid, or by the. alkalinity of the water. 

11 

12 The method typically includes the additional step of 

13 applying the elastomeric material to an outer surface 

14 of a conduit. The conduit can be any downhole 

15 tubular, such as drill pipe, liner, casing or the 

16 like. The conduit is preferably capable of being 

17 radially expanded, and is thus typically of a ductile 

18 material. 
19 

20 The method typically includes the additional step of 

21 locating the conduit within a second conduit. The 

22 second conduit may comprise a borehole, casing, liner 

23 or other downhole tubular. 
24 

25 The method typically includes the additional step of 

26 applying a radial expansion force to the conduit. 

27 The radial expansion force typically increases the 

28 inner and outer diameters of the conduit. The radial 

29 expansion force can be applied using an inflatable 

30 element (e.g. a packer) or an expander device (e.g. a 

31 cone) . The conduit can be rested on top of the 
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1 inflatable element or the expander device as it is 

2 run into the second conduit. 
3 

4 The method typically includes the additional steps of 

5 providing an expander device and pushing or pulling 

6 the expander device through the conduit. The 

7 expander device is typically attached to a drill 

8 string, coiled tubing string, wireline or the like, 

9 but can be pushed or pulled through the second 
10 conduit using any conventional means. 

11 

12 Alternatively, the method typically includes the 

13 additional steps of providing an inflatable element 

14 and actuating the inflatable element. The inflatable 

15 element can be attached to a drill string, coiled 

16 tubing string or wireline (with a downhole pump). 

17 ' Optionally, the method may include one, some or all 

18 of the additional steps of deflating the inflatable 

19 element, moving it to another location, and re- 

20 inflating it to expand a further portion of the 

21 conduit. 
22 

23 The method optionally includes the additional step of 

24 injecting or pumping the actuating agent into the 

25 borehole . 
26 

27 The method optionally includes the additional step of 

28 temporarily anchoring the conduit in place. This 

29 provides an anchor point for the radial expansion of 

30 the conduit. A packer, slips or the like can be used 

31 for this purpose. The inflatable element is 
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1 optionally used to expand a portion of the conduit 

2 against the second conduit to act as an anchor point, 
3 

4 Embodiments of the present invention shall now be 

5 described, by way of example only, with reference to 

6 the accompanying drawings, in which: - 

7 Fig. 1 is a first embodiment of a formation 

8 applied to an outer surface of a conduit; 

9 Fig, 2 is a second embodiment of a formation 

10 applied to an outer surface of a conduit; 

11 Fig. 3a is a third embodiment of a formation 
12- applied to an outer surface of a conduit; and 

13 Fig. 3b is a cross -sectional view through a 

14 portion of the conduit of Fig. 3a. 
15 

16 Referring to the drawings, Fig. 1 shows a conduit 10 

17 that is provided with a first embodiment of a 

18 formation 20 on an outer surface 10s thereof. The 

19 formation 20 includes a plurality of bands 22 that 

20 are rounded on their outer edges 22o and are joined 

21 by a plurality of valleys 24 therebetween. The bands 

22 22 and valleys 24 provide an overall ribbed profile 

23 to the formation 20. 
24 

25 Formation 20 is typically comprised of an elastomeric 

26 material that can expand and/or swell due to contact 

27 with an actuating agent such as a fluid. The 

28 expansion and/or swelling of the elastomeric material 

29 results in increased dimensional properties of the 

30 elastomeric material in the formation 20. That is, 

31 the material forming the bands 22 and valleys 24 will 
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1 expand or swell in both the longitudinal and radial 

2 directions, the amount of expansion or swelling 

3 depending on the amount of actuating agent, the 

4 amount of absorption thereof by the elastomeric 

5 material and the amount of the elastomeric material 

6 itself . It will also be appreciated that for a given 

7 elastomeric material, the amount of swelling and/or 

8 expansion is a function not only of the type of 

9 actuating agent, but also of physical factors such as 

10 pressure, temperature and the surface area of 

11 material that is exposed to the actuating agent. 
12 

13 The expansion and/or swelling of the elastomeric 

14 material can take place either by absorption of the 

15 actuating agent into the porous structure of the 

16 elastomeric material, or through chemical attack 

17 resulting in a breakdown of cross-linked bonds. In 

18 the interest of brevity, use of the terms -swell" and 

19 -swelling" or the like will be understood also to 

20 relate to the possibility that the elastomeric 

21 material may additionally, or alternatively expand. 
22 

23 The elastomeric material is typically a rubber 

24 material, such as NITRILE™, VITON™, AFLAS™, Ethylene- 

25 propylene rubbers <EPM or EPDM) and KALREZ™. The 

26 actuating agent is typically a fluid, such as 

27 hydraulic oil or water, and is generally an oil- or 
water-based fluid. For example, brine or other 
production or drilling fluids (e.g. mud) can be used 
to cause the elastomeric material to swell . The 

31 actuating agent used to actuate the swelling of the 



28 
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1 elastomeric material can either be naturally 

2 occurring in the borehole itself, or specific fluids 

3 or chemicals that are pumped or injected into the 

4 borehole . 
5 

6 The type of actuating agent that causes the 

7 elastomeric material to swell generally depends upon 

8 the properties of the material, and in particular the 

9 hardening matter, material or chemicals used in the 
10 elastomeric material. 

11 

12 Table 1 below gives examples of fluid swell for a 

13 variety of elastomeric materials, and the extent to 

14 which they swell when exposed to certain actuating 

15 agents, 
16 

17 Table 1 

18 



Material 


Swelling Media (at 300°F) 


Expansion with 
Hydraulic Oil 


Expansion With 
Water 


NITRILE' M 


15% 


10% 


VITON ,M 


10% 


20% 


AFLAS ,M 


30% 


12% 


EPDM 


200% 


15% 


KALREZ ,M 


5% 


10% 



19 

20 As indicated above, the amount of swelling of the 

21 elastomeric material depends on the type of actuating 

22 agent used to actuate the swelling, the amount of 

23 actuating agent and the amount and type of 
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1 elastomer ic material that is exposed to the actuating 

2 agent. The amount of swelling of the elastomeric 

3 material can be controlled by controlling the amount 

4 of fluid that is allowed to contact the material and 

5 for how long. For example, the material may only be 

6 exposed to a restricted amount of fluid where the 

7 material can only absorb this restricted amount. 

8 Thus, swelling of the elastomeric material will stop 

9 once all the fluid has been absorbed by the material. 
10 

11 The elastomeric material can typically swell by 

12 around 5% (or less) to around 200% (or more), 

13 depending upon the type of elastomeric material and 

14 actuating agent used. If the particular properties 

15 of the material and the amount of fluid that the 

16 material is exposed to are known, then it is possible 

17 to predict the amount of expansion or swelling. It 

18 is also possible to predict how much material and 

19 fluid will be required to fill a known volume. 
20 

21 The structure of the formation 20 can be a 

22 combination of swelling or expanding and non- swelling 

23 or non-expanding elastomers, and the outer surfaces 

24 of the formation 20 may be profiled to enable maximum 

25 material exposure to the swelling or expanding 

26 medium. In the interest of brevity, non-swelling and 

27 non-expanding elastomeric material will be referred 

28 to commonly by "non- swelling" , but it will be 

2 9 appreciated that this may include non-expanding 
30 elastomeric materials also. 
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1 The formation 20 is typically applied to the outer 

2 surface 10s of the conduit 10 before it is radially 

3 expanded- Conduit 10 can be any downhole conduit 

4 that is capable of sustaining plastic and/or elastic 

5 deformation, and can be a single length of, for 

6 example, liner, casing etc. However, conduit 10 may 

7 be formed of a plurality of lengths of casing, liner 

8 or the like that are coupled together using any 

9 conventional means, e.g. screw threads, welding etc. 
10 

11 Formation 20 is typically applied at axially spaced- 

12 apart locations along the length of conduit 10, 

13 although it may be provided continuously over the 

14 length of the conduit 10 or a portion thereof. It 

15 will be appreciated that the elastomeric material 

16 will require space into which it can swell, and thus 

17 it is preferable to have at least some spacing 

18 between the formations 20. The elastomeric material 

19 of the or each formation 20 is typically in a solid 

20 or relatively solid form so that it can be attached 

21 or bonded to the outer surface 10s and remain there 

22 as the conduit 10 is run into the borehole, casing, 

23 liner or the like. 
24 

25 Once the borehole has been drilled, or in the case of 

26 a borehole that is provided with pre-installed 

27 casing, liner or the like, conduit 10 is located in 

28 the borehole, casing, liner or the like and radially 
29. expanded using any conventional means. This can be 

30 done by using an inflatable element (e.g. a packer) 

31 or an expander device (e.g. a cone) to apply a radial 
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1 expansion force. The conduit 10 typically undergoes 

2 plastic and/or elastic deformation to increases its 

3 inner and outer diameters. 
4 

5 The expansion of conduit 10 is typically not 

6 sufficient to expand the outer surface 10s into 

7 direct contact with the formation of the borehole or 

8 pre-installed casing, liner or the like, although 

9 this may not always be the case. For example, 

10 certain portions of the conduit 10 may contact the 

11 formation at locations along its length due to normal 

12 variations in the diameter of the borehole during 

13 drilling, and/or variations in the diameter of the 

14 conduit 10 itself. Thus, an annulus is typically 

15 created between the outer surface 10s and the 

16 borehole, casing, liner etc. 
17 

18 It will be appreciated that the elastomeric material 

19 in the or each formation 20 may begin to swell as 

2 0 soon as the conduit 10 is located in the borehole as 

21 the fluid that actuates the swelling may be naturally 

22 occurring in the borehole. In this case, there is 

23 generally no requirement to inject chemicals or other 

24 fluids to actuate the swelling of the elastomeric 

25 material. 
26 

27 However, the elastomeric material may only swell when 

28 it comes into contact with particular fluids that are 

29 not naturally occurring in the borehole and thus the 

3 0 fluid will require to be injected or pumped into the 
31 annulus between the conduit 10 and the borehole, 
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1 casing, liner or the like. This can be done using 

2 any conventional means. 
3 

4 As an alternative to this, a bag or other such 

5 container (not shown) that contains the actuating 

6 fluid can be attached to the outer surface 10s at or 

7 near to the or each formation 20. Indeed, the bag or 

8 the like can be located over the or each formation 

9 20. Thus, as the conduit 10 is radially expanded, 

10 the bag ruptures causing the actuating fluid to 

11 contact the elastomeric material. 
12 

13 It will be appreciated that it is possible to delay 

14 the swelling of the elastomeric material. This can 

15 be done by using chemical additives in the base 

16 formulation that causes a delay in swelling. The 

17 type of additives that may be added will typically 

18 vary and may be different for each elastomeric 

19 material, depending on the base polymer used in the 

20 material. Typical pigments that can be added that 

21 are known to delay or having a slowing influence on 

22 the rate of swelling include carbon black, glue, 

23 magnesium carbonate, zinc oxide, litharge and 

24 sulphur. 
25 

26 As an alternative, the elastomeric material can be at 

27 least partially or totally encased in a water-soluble 

28 or alkali -soluble polymeric covering. The covering 

29 can be at least partially dissolved by the water or 

30 the alkalinity of the water so that the actuating 

31 agent can contact the elastomeric material 
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1 thereunder. This can be used to delay the swelling 

2 by selecting a specific soluble covering that can 

3 only be dissolved by chemicals or fluids that are 

4 injected into the borehole at a predetermined time. 
5 

6 The delay in swelling can allow the conduit 10 to be 

7 located in the borehole, casing, liner or the like 

8 and expanded into place before the swelling or a 

9 substantial part thereof takes place. The delay in 
10 swelling can be any length from hours to days. 

11 

12 As the elastomeric material swells, it expands and 

13 thus creates a seal in the annulus. The seal is 

14 independent of the diameter of the borehole, casing, 

15 liner or the like as the material will swell and 

16 continue to swell upon absorption of the fluid to 

17 substantially fill the annulus between the conduit 10 

18 and the borehole, casing, liner or the like in the 

19 proximity of the formation 20. As the elastomeric 

20 material swells and continues to do so, it will come 

21 into contact with the formation of the borehole, 

22 casing, liner or the like and will go into a 

23 compressive state to provide a tight seal in the 

24 annulus. Not only does the elastomeric material act 

25 as a seal, but it will also tend to lock the conduit 

26 10 in place within the borehole, casing, liner or the 

27 like. 
28 

2 9 Upon swelling, the elastomeric material retains 

30 sufficient mechanical properties (e.g. hardness, 

31 tensile strength, modulus of elasticity, elongation 
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1 at break etc) to withstand differential pressure 

2 between the borehole and the inside of the liner, 

3 casing etc. The mechanical properties that are 

4 retained also ensure that the elastomeric material 

5 remains bonded to the conduit 10. The mechanical 

6 properties can be maintained over a significant time 

7 period so that the seal created by the swelling of 

8 the elastomeric material does not deteriorate over 

9 time. 
10 

11 It will be appreciated that the mechanical properties 

12 of the elastomeric material can be adjusted or tuned 

13 to specific requirements. Chemical additives such as 

14 reinforcing agents, carbon black, plasticisers, 

15 accelerators, activators, anti -oxidants and pigments 

16 may be added to the base polymer to have an effect on . 

17 the final material properties, including the amount 

18 of swell. These chemical additives can vary or 

19 change the tensile strength, modulus of elasticity, 

20 hardness and other factors of the elastomeric 

21 material. 
22 

23 The resilient nature of the elastomeric material can 

24 serve to absorb shocks and impacts downhole, and can 

25 also tolerate movement of the conduit 10 (and other 

26 downhole tubular members) due to expansion and 

27 contraction etc. 
28 

29 Referring to Fig. 2, there is shown an alternative 

30 formation 30 that can be applied to an outer surface 

31 40s of a conduit 40. Conduit 40 can be the same or 
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1 similar to conduit 10. As with formation 20, 

2 formation 30 can be applied at a plurality of axially 

3 spaced-apart locations along the length of the 

4 conduit 40. Conduit 40 may be a discrete length of 

5 downhole tubular that is capable of being radially 

6 expanded, or can comprise a length of discrete 

7 portions of downhole tubular that are coupled 

8 together (e.g. by welding, screw threads etc) . 
9 

10 The formation 3 0 comprises two outer bands 32, 34 of 

11 a non-swelling elastomeric material with an 

12 intermediate band 36 of a swelling elastomeric 

13 material therebetween. It will be appreciated that 

14 the intermediate band 36 has been provided with a 

15 ribbed or serrated outer profile to provide a larger 

16 amount of material (i.e. an increased surface area) 

17 that is exposed to the actuating fluid that causes 

18 swelling. The use of the outer bands 32, 34 of a 

19 non- swelling elastomeric material can allow the 

20 amount of swelling of the intermediate band 36 of the 

21 elastomeric material to be controlled. This is 

22 because the two outer bands 32, 34 can limit or 

23 otherwise restrict the amount of swelling of the 

24 elastomeric material (i.e. band 36) in the axial 

25 directions. Thus, the swelling of the material will 

26 be substantially constrained to the radial direction. 
27 

28 The non- swelling elastomeric material can be an 

2 9 elastomer that swells in a particular fluid that is 

3 0 not added or injected into the borehole, or is not 
31 naturally occurring in the borehole. Alternatively, 
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1 the non-swelling elastomeric material can be an 

2 elastomer that swells to a lesser extent in the 

3 naturally occurring, added or injected fluid. For 

4 example, and with reference to Table 1 above, if 

5 hydraulic oil is being used as the actuating fluid, 

6 then the elastomeric material could be EPDM (which 

7 expands by around 200% in hydraulic oil) and the non- 

8 swelling elastomeric material could be KALREZ™ as 

9 this only swells by around 5% in hydraulic oil. 
10 

11 As a further alternative, a non-swelling polymer 

12 (e.g. a plastic) may be used in place of the non- 
13 swelling elastomeric material. For example, TEFLON™, 
14 RYTON™ or PEEK™ may be used. 

15 

16 It will be appreciated that the term "non -swelling 

17 elastomeric material" is intended to encompass all of 

18 these options. 
19 

2 0 The outer bands 32, 34 of a non- swelling elastomeric 

21 material also provides a mechanism by which the 

22 swelling of the elastomeric material in intermediate 

23 band 36 can be controlled. For example, when the 

24 conduit 10 is radially expanded, the bands 32, 34 of 

25 the non- swelling elastomeric material will also 

26 expand, thus creating a partial seal in the annulus 

27 between the outer surface 10s of the conduit 10 and 

28 the borehole, casing, liner or the like. The partial 

29 seal reduces the amount of fluid that can by-pass it 

3 0 and be absorbed by the swelling elastomeric material 
31 of band 36. This restriction in the flow of fluid 



\ 
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1 can be used to delay the swelling of the elastomeric 

2 material in band 36 by restricting the amount of 

3 fluid that can be absorbed by the material, thus 

4 reducing the rate of swelling. 
5 

6 The thickness of the bands 32, 34 in the radial 

7 direction can be chosen to allow either a large 

8 amount of fluid to seep into band 36 (i.e. by making 

9 the bands relatively thin) or a small amount of fluid 

10 (i.e. by making the bands relatively thick). If the 

11 bands 32, 34 are relatively thick, a small annulus 

12 will be created between the outer surface of the 

13 bands 32, 34 and the borehole etc, thus providing a 

14 restriction to the fluid. The restricted fluid flow 

15 will thus cause the elastomeric material to swell 

16 more slowly. However, if the bands 32, 34 are 

17 relatively thin, then a larger annulus is created 

18 allowing more fluid to by-pass it, and thus providing 

19 more fluid that can swell the elastomeric material. 
20 

21 Additionally, the two outer bands 32, 34 can also 

22 help to prevent extrusion of the swelling elastomer 

23 material in band 36. The swelling elastomeric 

24 material in band 36 typically gets softer when it 

25 swells and can thus extrude. The non-swelling 

26 material in bands 32, 34 can help to control and/ or 

27 prevent the extrusion of the swelling elastomeric 

28 material. It will be appreciated that the bands 32, 

29 34 reduce the amount of space into which the swelling 

30 material of band 36 can extrude and thus by reducing 

31 the space into which it can extrude, the amount of 



WO 02/059452 



PCT/GB02/00362 



21 

1 extrusion can be controlled or substantially 

2 prevented. For example, if the thickness of the 

3 bands 32, 34 is such that there is very little or no 

4 space into which the swelling elastomeric material 

5 can extrude into, then this can stop the extrusion. 

6 Alternatively, the thickness of the bands 32, 34 can 

7 provide only a relatively small space into which the 

8 swelling elastomeric material can extrude into, thus 

9 substantially controlling the amount of extrusion. 
10 

11 Figs. 3a and 3b show a further formation 50 that can 

12 be applied to an outer surface 60s of a conduit 60. 

13 Conduit 60 can be the same as or similar to conduits 

14 10, 40 and may be a discrete length of downhole 

15 tubular that is capable of being radially expanded, 

16 or can comprise a length of discrete portions of 

17 downhole tubular that are coupled together (e.g. by 

18 welding, screw threads etc) . 
19 

20 Formation 50 comprises a number of axial ly spaced- 

21 apart bands 52 that are typically annular bands, but 

22 this is not essential. The bands 52 are located 

23 symmetrically about a perpendicular axis so that the 

24 seals created upon swelling of the elastomeric 

25 material within the bands hold pressure in both 

26 directions. 
27 

28 The bands 52 are typically lip-type seals. As can be 

29 seen from Fig. 3b in particular, the bands 52 have an 

30 outer covering 52o of a non- swelling elastomer, and 

31 an inner portion 52i of a swelling elastomeric 
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1 material. One end 52a of the band 52 is open to 

2 fluids within the borehole, whereas the outer 

3 covering 52o encases the remainder of the elastomeric 

4 material, thus substantially preventing the ingress 

5 of fluids. 
6 

The swelling of the elastomeric material in inner 

8 portion 52 i is constrained by the outer covering 52o, 

9 thus forcing the material to expand out end 52a. 
This creates a seal that faces the direction of 
pressure. With the embodiment shown in Fig. 3a, four 

12 seals are provided, with two facing in a first 

13 direction and two facing in a second direction. The 
second direction is typically opposite the first 
direction. This provides a primary and a back-up 
seal in each direction, with the seal facing the 

17 pressure. 
18 

19 The outer covering 52o can also help to prevent or 

20 control the extrusion of the elastomeric material in 

21 inner portion 52i as described above. 
22 

23 Thus, certain embodiments of the present invention 

24 provide apparatus and methods for creating seals in a 

25 borehole that use the swelling properties of 
elastomeric materials to create the seals. Certain 
embodiments of the present invention can also prevent 
swelling of the material until the conduit to which 
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11 



14 
15 
16 



26 
27 



28 



29 it is applied has been radially expanded in situ. 
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1 Modifications and improvements may be made to the 

2 foregoing without departing from the scope of the 

3 present invention. 
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1 CLAIMS ' 

2 

3 1. A seal for use in a borehole, the seal 

4 comprising an elastomeric material that is capable 

5 of expanding or swelling upon contact with an 

6 actuating agent. 
7 

8 2. A seal according to claim 1, wherein the 

9 elastomeric material comprises a rubber. 
10 

H 3 . a seal according to either preceding claim, 

12 wherein the elastomeric material is NITRILE™, 

13 VITON™, AFLAS™ , Ethylene -propylene rubbers (EPM or 

14 EPDM) or KALREZ™. 
15 

16 4> A sea i according to any preceding claim, 

17 wherein the actuating agent comprises a water- or 

18 mineral -based oil or water. 
19 

20 5. A seal according to any preceding claim, 

21 wherein the actuating agent is naturally occurring 

22 downhole, or is injected or pumped into the 

23 borehole . 
24 

25 6. A seal according to any one of claims 1 to 4, 

26 wherein a container of the actuating agent is 

27 located at or near the elastomeric material where 

28 the container bursts upon radial expansion of the 

29 conduit. 
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1 7. A seal according to any preceding claim, 

2 wherein the elastomeric material is applied to an 

3 outer surface of a conduit. 
4 

5 8. A seal according to claim 7, wherein the 

6 conduit is capable of being radially expanded. 
7 

8 9. A seal according to claim 7 or claim 8, wherein 

9 the elastomeric material is applied at two or more 
10 axially spaced-apart locations on the conduit. 

11 

12 10. A seal according to any one of claims 7 to 9, 

13 wherein the conduit is radially expanded. 
14 

15 11. A seal according to claim 10, wherein the 

16 conduit is located in a second conduit before being 

17 radially expanded. 
18 

19 12. A seal according to any preceding claim, 

20 wherein the elastomeric material is at least 

21 partially covered or encased in a non- swelling 

22 and/or non-expanding elastomeric material, or a non- 
23 swelling polymer. 

24 

25 13 . A seal according to any preceding claim, 

26 wherein the elastomeric material swells upon contact 

27 with the actuating fluid due to absorption of the 

28 fluid by the material. 
29 

30 14 . A seal according to any preceding claim, 

31 wherein the elastomeric material can expand through 
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1 chemical attack resulting in a breakdown of cross- 

2 linked bonds. 
3 

4 15. A method of creating a seal in a borehole, the 

5 method comprising the steps of providing an 

6 elastomeric material in the borehole and exposing 

7 the material to an actuating agent that causes the 

8 elastomeric material to expand. 
9 

10 16. A method according to claim 15, including the 

11 additional step of applying the elastomeric material 

12 to an outer surface of a conduit. 
13 

14 17. A method according to claim 16, including the 

15 additional step of locating the conduit within a 

16 second conduit. 
17 

18 18. A method according to claim 16 or claim 17, 

19 wherein the method includes the additional step of 

20 applying a radial expansion force to the conduit. 
21 

22 19 . A method according to any one of claim 15 to 

23 18, wherein the method includes the additional step 

24 of injecting or pumping the actuating agent into the 

25 borehole . 
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